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A method for classitying memory cells in an integrated circuit
1s provided, wherein the integrated circuit has a memory cell
field including a plurality of memory cells. The method
includes determining, for each subset of the memory cells of
a plurality of subsets of the memory cells, a threshold voltage
distribution; determiming whether the determined threshold
voltage distributions fulfill a threshold voltage criterion; and
depending on whether the determined threshold voltage dis-
tributions fulfill the threshold voltage criterion, classifying at
least some of the non-selected memory cells.
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1

METHOD FOR CLASSIFYING MEMORY
CELLS IN AN INTEGRATED CIRCUIT

TECHNICAL FIELD

Embodiments of the invention relate to a method for
accessing a memory cell 1n an integrated circuit, a method of
determining a set of word line voltage 1dentifiers in an inte-
grated circuit, a method for classifying memory cells i an
integrated circuit, a method for determiming a word line volt-
age for accessing a memory cell in an integrated circuit and
integrated circuits.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present mven-
tion, and the advantages thereol, reference 1s now made to the
following descriptions taken 1n conjunction with the accom-
panying drawings, in which:

FI1G. 1 1s atlow diagram of a method of determiming a set of
word line voltage 1dentifiers in an integrated circuit 1n accor-
dance with an exemplary embodiment of the invention;

FIG. 2 1s a flow diagram of a method of accessing a
memory cell 1n a memory cell field 1n an integrated circuit in
accordance with an exemplary embodiment of the invention;

FI1G. 3 1s a block diagram showing a method of accessing a
plurality of memory cells of a memory cell array 1n an inte-
grated circuit in accordance with an exemplary embodiment
of the invention;

FIGS. 4A to 4D show exemplary threshold voltage distri-
butions for different memory cells 1n an mtegrated circuit in
accordance with an exemplary embodiment of the invention;

FI1G. 5 1s a schematic diagram showing an integrated circuit
for accessing a plurality of memory cells 1n accordance with
an exemplary embodiment of the invention;

FIG. 6 1s a flow diagram illustrating a method for classify-
ing memory cells n a memory cell field in an 1ntegrated
circuit 1n accordance with one embodiment of the invention;

FIG. 7 1s a flow diagram illustrating a method for deter-
mimng a word line voltage for accessing a memory cell in a
memory cell field 1 an 1ntegrated circuit in accordance with
one embodiment of the invention;

FIG. 8 1s amemory cell arrangement 1n an integrated circuit
in accordance with one embodiment of the invention;

FI1G. 9 1s a flow diagram illustrating a method for testing an
integrated circuit having a memory device in accordance with
one embodiment of the invention;

FI1G. 10 1s a diagram 1llustrating an adaptive read margin in
accordance with one embodiment of the invention; and

FIGS. 11A and 11B show a memory module (FIG. 11A)

and a stackable memory module (FIG. 11B) 1n accordance
with an embodiment of the invention.

DETAILED DESCRIPTION OF ILLUSTRATIV.
EMBODIMENTS

(L]

Identical reterence numerals are used for similar or 1den-

tical elements 1n the figures, where appropriate. The figures
are schematic and not to scale.

As used herein the terms connected and coupled are
intended to include both direct and indirect connection and
coupling, respectively.

As used herein the term “multibit” memory cell 1s intended
to, e.g., include memory cells which are configured to store a
plurality of bits by spatially separated electric charge storage
regions, thereby representing a plurality of logic states.
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As used herein the term “mult1 level” memory cell 1s
intended to, e.g., include memory cells which are configured
to store a plurality of bits by showing distinguishable thresh-
old voltages dependent on the amount of electric charge
stored 1n the memory cell, thereby representing a plurality of
logic states.

When reading memory cells, for example, non-volatile
memory cells of a FLASH memory cell array, one word line
voltage has been used for reading all of the memory cells of
the memory cell array. The threshold voltage of each memory
cell in the memory cell array 1s measured and the magnitude
of the word line voltage used for reading 1s set larger than the
largest threshold voltage that 1s measured. Thus the memory
cell exhibiting the largest threshold voltage determines the
value of the word line voltage used to read all of the memory
cells of the memory cell array.

FIG. 1 illustrates a tflow diagram 100 of a method of deter-
mining a set of word line voltage identifiers in an integrated
circuit 1n accordance with an exemplary embodiment of the
invention.

At102, threshold voltages of a plurality of memory cells of
a memory cell field are determined. The memory cell field 1s
included 1n an 1mtegrated circuit. In one embodiment of the
invention, the threshold voltages are individually measured
memory cell by memory cell.

At 104, a plurality of word line voltage identifiers are
assigned to the determined threshold voltages, each word line
voltage 1dentifier representing a word line voltage to be used
when accessing a memory cell of the plurality of memory
cells and each word line voltage 1dentifier being assigned to at
least one of the memory cells in the memory cell field. In one
embodiment of the invention, a word line voltage 1identifier 1s
used that 1s assigned to at least one memory cell of the
memory cell field, e.g., to at least one word line of the
memory cell field. Furthermore, a respective word line volt-
age 1s assigned to the word line voltage identifier, wherein the
word line voltage should be used to access the memory cell
that 1s uniquely 1dentified by means of the identifier.

At 106, the plurality of word line voltage identifiers are
stored as a set of word line voltage 1dentifiers. In one embodi-
ment of the invention, as will be described in more detail
below, the word line voltage 1dentifiers may be stored as a
digital value 1n a non-volatile memory such as a flash
memory, €.g., a tloating gate memory or a charge trapping
memory. In one embodiment of the invention, the word line
voltage identifiers may be stored in a one-time programmable
memory (OTP). It should be mentioned that any other suitable
type of memory, €.g., non-volatile memory may be used 1n an
alternative embodiment of the invention.

FI1G. 2 1llustrates a flow diagram 200 of a method of access-
ing a memory cell in a memory cell field in an 1ntegrated
circuit 1n accordance with an exemplary embodiment of the
ivention.

In one embodiment of the invention, the method uses the
pre-stored word line voltage 1dentifiers that have been deter-
mined 1n accordance with the method described with refer-
ence to FIG. 1.

In one embodiment of the invention, in the method of
accessing a memory cell in a memory cell field having a
plurality of memory cells, at 202, a word line voltage 1denti-
fier 1s selected from a pre-stored set of word line voltage
identifiers, each one of the pre-stored set of word line voltage
identifiers being assigned to at least one of the memory cells
in the memory cell field.

At 204, accessing the memory cell using a word line volt-
age may be dependent on the selected word line voltage
identifier. The access may be a read access, thereby reading
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the content of an addressed memory cell or a write access,
thereby writing data into an addressed memory cell. The
writing may be understood as programming useful data or
instruction code data into the respectively addressed memory
cell as well as erasing the content of the respectively
addressed memory cell, in other words, writing a predeter-
mined erase state ito the respectively addressed memory
cell.

FI1G. 3 1s a block diagram 300 showing a particular embodi-
ment of a method of accessing a plurality of memory cells of
a memory cell array, for example, a FLASH memory cell
array.

Processes 302 and 304 involve measuring a plurality of
threshold voltage distributions.

At 302, all of the memory cells of a non-volatile memory
cell array, for example, a FLASH memory cell array, are
programmed, €.g., to a common predetermined programming,
reference state, e.g., a high resistance state or a low resistance
state or another predetermined reference resistance state.

The memory cells may be floating gate memory cells or
charge trapping memory cells. One example of a charge trap-
ping memory cell 1s an oxide-nitride-oxide (ONO) memory
cell, which 1s also referred to as nitrided read only memory
(NROM). In an alternative embodiment, the charge trapping
memory cell may include a stack of two, three, four or even
more dielectric layers being stacked one above the other, the
clectric charges being trapped 1n one of the dielectric layers.
Furthermore, the memory cells can be magnetoresistive ran-
dom access memory cells (MRAM), ferroelectric random
access memory cells (FRAM), organic random access
memory cells (ORAM), conductive bridging random access
memory cells (CBRAM), phase change memory cells
(PCM). In general, the embodiments of the invention can be
applied to any type of memory cell, in which a threshold
voltage differs from memory cell to memory cell in a memory
cell field.

Aswill be described 1n more detail below, the memory cells
are arranged 1n a memory cell field such as a memory cell
array. The memory cells may be arranged 1n rows and col-
umns. However, any other kind of architecture may be used in
an alternative embodiment of the invention, such as a zig-zag
arrangement of the memory cells within the memory cell
field.

In one embodiment of the invention, each memory cell may
be formed by at least one transistor, e.g., a field effect tran-
sistor. In one embodiment of the invention, the memory cell
field includes a plurality of control lines providing control
signals to the memory cell. In one embodiment of the inven-
tion, the plurality of control lines include word lines, which
may be coupled to the gate region of the respective field effect
transistor, and bit lines, which may be coupled to the source/
drain regions of the respective field effect transistor.

At 304, a plurality of read operations on the memory cells
connected to a particular word line are performed. In other
words, the word line voltage used to read the memory cells
connected to the particular word line 1s increased 1n steps until
a programmed reference value 1s read for each of the memory
cells connected to that word line. When a programmed refer-
ence value 1s read from a particular memory cell for the first
time, one knows that the threshold voltage for that memory
cell has been met or exceeded, and the word line voltage that
has been applied can be used as an estimate for the threshold
voltage of that memory cell. After a programmed reference
value has been read from all of the memory cells connected to
the particular word line, the threshold voltage distribution of
the memory cells connected to that word line 1s known. A read
operation 1s performed for each word line so that a distinct
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threshold voltage distribution 1s obtained for the memory
cells connected to each word line. In an alternative embodi-
ment of the invention, when multibit memory cells are pro-
vided 1n the memory cell field, different reference read opera-
tions may be performed on the memory cells connected to a
particular word line, which are appropriate for multibit
memory cells to determine their programmed reference val-
ues. In general, 1n other embodiments of the ivention, any
other suitable type of reference read operations can be per-
formed on the memory cells connected to a particular word
line depending on the memory cell type used and/or depend-
ing on the memory cell field architecture used. The further
processes of this embodiment will be illustrated 1n more
detail below.

In an embodiment of the invention, error detection and/or
error correction codes may be used to protect the content
stored 1n the memory cells.

FIGS. 4A to 4D illustrate different threshold voltage dis-
tributions of differently classified and used charge trapping
memory cells. The charge trapping memory cells are located
within the same memory cell field on the same die. The
memory cells which are taken into account 1n each respective
diagram with threshold voltage distribution described in the
tollowing are controlled via the same word line, respectively.
In other words, each diagram showing the threshold voltage
distribution characterizes the memory cells of one particular
word line or of a plurality of word lines showing a similar
characteristic.

FIG. 4A shows a first diagram 400 1llustrating the mea-
sured threshold voltages (1n the FIGS. 4A to 4D denoted with
V., measured 1 [V]) of a first type of charge trapping
memory cell. As can be gathered from FIG. 4A, four distin-
guishable first threshold voltage distributions 402, 404, 406,
408 can be realized with this kind of charge trapping memory
cell. Since the four first threshold voltage distributions 402,
404, 406, 408 can be distinguished from one another, each of
the first threshold voltage distributions 402, 404, 406, 408 15
assigned to one logical information item (e.g. logic “007,
logic <017, logic “107, logic “117"). In other words, four
different memory cell states can be programmed and detected
in this kind of memory cell. Thus, it 1s possible to store two
bits 1nto this kind of memory cell, which 1s therefore also
referred to as a multi level cell. The memory cells of FIG. 4A
turther exhibit relatively narrow first threshold voltage distri-
butions 402, 404, 406, 408 which show a high reliability of
these memory cells. In order to distinguish the memory cells’
programming states, a suiliciently large first read margin (in
FIG. 4A denoted with Vi 1/ rame 410), 1n which the read
voltage may be selected, should be provided. A first read and
verily voltage V. .., 414 that 1s used for read and verily
operations is selected such that it is at least as high as the
largest magnitude threshold voltage 1n the threshold voltage
distribution 408 with the highest threshold voltages plus a
security margin 412.

FIG. 4B shows a second diagram 420 1llustrating the mea-
sured threshold voltages of a second type of charge trapping
memory cell 1in the same memory field as the memory cells
taken into account 1n the first diagram of FIG. 4A. As can be
gathered from FIG. 4B, also four distinguishable second
threshold voltage distributions 422, 424, 426, 428 can be
realized with this kind of charge trapping memory cell, since
the charge trapping memory cells are also of a sufliciently
high quality. Since the four second threshold voltage distri-
butions 422, 424, 426, 428 can be distinguished from one
another, each of the second threshold voltage distributions
422.424,426,428 1s also assigned to one logical information
item (e.g., logic 007, logic <017, logic *“107, logic “117). In
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other words, four different memory cell states can be pro-
grammed and detected 1n this kind of memory cells. Thus, 1t
1s possible to store two bits 1nto this kind of memory cell,
which 1s therefore also referred to as a multi level cell. The
memory cells of FIG. 4B further exhibit broader second
threshold voltage distributions 422, 424, 426, 428 than the
first threshold voltage distributions 402, 404, 406, 408 of the
memory cells classified 1n the first diagram 400, thereby
showing a relatively lower quality of these memory cells
classified in the second diagram 420 of FIG. 4B as compared
with the memory cells classified 1n the first diagram 400. In
order to distinguish the memory cell programming state, a
suificiently large first read margin, which 1s usually the same
tor all multi level cells, should be provided. Thus, as 1s shown
in FIGS. 4A and 4B, due to the broader second threshold
voltage distributions 422, 424, 426, 428 with using the same
read margin and the same security margin 412, the second
read and verity voltage V ;;  ,,,+430 which should at least be
provided for the memory cells of FIG. 4B 1s higher than the
first read and venty voltage V., .., 414 used for reading/
verifying the memory cells of FIG. 4A.

Conventionally, as described above, 1n this case, the second
read and verity voltage V., ... 430 was used for reading/
verifying the memory cells of FIG. 4A as well as for reading/
verilying the memory cells of FIG. 4B. In contrast thereto, in
accordance with one embodiment of the invention, this ditf-
terence 1n the type of threshold voltage distributions for dii-
ferent memory cells 1n a memory cell field 1s used for reduc-
ing the memory cell stress due to the word line voltage. This
1s achieved 1n one embodiment of the invention by taking into
account the difference between the first read and verily volt-
age Vs 414 required for reading/veritying the memory
cells classified 1nto a first memory cell class, threshold volt-
age distributions 402, 404, 406, 408 of which are, e.g., shown
in the first diagram 400 1n FIG. 4A and the second read and
verity voltage V ;4. 430 required for reading/verifying
the memory cells classified 1nto a second memory cell class,
threshold voltage distributions 422, 424, 426, 428 of WhJCh
are, €.g., shown 1n the second diagram 420 in FIG. 4B. In
other words, 1n one embodiment of the invention, the memory
cells classified into the first memory cell class are read/veri-
fied using a lower word line voltage (e.g., the first read and
verity voltage V.~ ,,,-414)thanthe memory cells classified
into the second memory cell class, which are read/verified
using a higher word line voltage (e.g., the second read and
verity voltage Vi, 1,,+430). Thus, the memory cells having
the narrower first threshold voltage distributions 402, 404,
406, 408 are accessed with lower word line voltages, thereby
reducing their memory cell stress.

FI1G. 4C shows a third diagram 440 1illustrating the mea-
sured threshold voltages of a third type of charge trapping
memory cell in the same memory cell field as the memory
cells taken 1into account in the first diagram of F1G. 4A and the
second diagram 420 of FIG. 4B. As can be gathered from FIG.
4C, two distinguishable third threshold voltage distributions
442, 444 can be realized with this kind of charge trapping
memory cell. Since the two third threshold voltage distribu-
tions 442, 444 can be distinguished from one another, each of
the two third threshold voltage distributions 442, 444 are
assigned to one logical information item (e.g., logic “0”, logic
“17). In other words, two different memory cell states can be
programmed and detected in this kind of memory cell. Thus,
it 1s possible to store only one bit with this kind of memory
cell, which 1s therefore also referred to as a single level cell.
The memory cells of FIG. 4C further exhibit relatively narrow
third threshold voltage distributions 442, 444 which show a
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the memory cell programming state, a sufficiently large sec-
ond read margin (1n FIG. 4C denoted with V5 7 446),
in which the read voltage may be selected, should be pro-
vided. A third read and verity voltage V ;; ., 448 that 1s
used for read and verily operations 1s selected such that it 1s at
least as high as the largest threshold voltage 1n the threshold
voltage distribution 448 with the highest threshold voltage
plus the security margin 412.

FIG. 4D shows a fourth diagram 460 1llustrating the mea-
sured threshold voltages of a fourth type of charge trapping
memory cell i the same memory cell field as the memory
cells taken 1into account 1n the diagram of FIGS. 4A to 4C. As
can be gathered from FIG. 4D, also two distinguishable fourth
threshold voltage distributions 462, 464 can be realized with
this kind of charge trapping memory cell. Since the two fourth
threshold voltage distributions 462, 464 can be distinguished
from one another, each of the fourth threshold voltage distri-
butions 462, 464 1s also assigned to one logical information
item (e.g., logic “07, logic *“17). In other words, two different
memory cell states can be programmed and detected 1n this
kind of memory cell. Thus, it 1s possible to store only one bit
into this kind of memory cell, which 1s therefore also referred
to as a single level cell. The memory cells of FIG. 4D further
exhibit broader fourth threshold voltage distributions 462,
464 than the third threshold voltage distributions 442, 444 of
the memory cells classified 1n the third diagram 440, thereby
showing a relatively lower reliability of these memory cells
classified 1n the fourth diagram 460 of FIG. 4D as compared
with the memory cells classified in the third diagram 440 of
FIG. 4C. In order to distinguish the memory cell program-
ming state, a sulliciently large second read margin, which 1s
usually the same for all single level cells, should be provided.
Thus, as 1s shown 1n FIGS. 4C and 4D, due to the broader
fourth threshold voltage distributions 462, 464 using the same
read margin and the same security margin 412, the fourth read
and verity voltage V ,; 4,,v 466 which should at least be
provided for the memory cells of FIG. 4D 1s higher than the
third read and verity voltage V., ,,,-448 used for reading/
verifying the memory cells of FIG. 4C.

In accordance with one embodiment of the invention, the
difference between the third read and verity voltage V., 1/, +
448 required for reading/verifying the memory cells classi-
fied 1nto the third diagram 440 and the fourth read and verity
voltage V., auxv 466 required for reading/veritying the
memory cells classified 1nto the fourth diagram 460 1s taken
into account. In other words, 1n one embodiment of the inven-
tion, the memory cells classified into a third memory cell
class, threshold voltage distributions 442, 444 of which are,
¢.g., shown 1n the third diagram 440, are read/verified using a
lower word line voltage (e.g., the third read and verity voltage
Vi 1.4+448) than the memory cells classified 1into a fourth
memory cell class, threshold voltage distributions 462, 464 of
which are, e.g., shown in the fourth diagram 460, which are
read/verified using a higher word line voltage (e.g., the fourth
read and veniy voltage V., ,,, 466). Thus, the memory
cells having the narrower third threshold voltage distributions
442, 444 are accessed with lower word line voltages, thereby
reducing theirr memory cell stress.

Thus, 1n one embodiment of the ivention, together with
the margin used to read the memory cell information 1n a
reliable manner, the word line voltages for reading and veri-
tying the memory cells are set to fulfill an 1improvement with
regard to the following requirements:

1) mult1 level cell usage with high reliability;

2) mult1 level cell usage with low reliability;

3) single level cell usage with high reliability;

4) single level cell usage with low reliability.




US 7,864,593 B2

7

In one embodiment of the invention, the digital trimming,
values, that 1s the digital values representing the respective
programming voltages to be used, are stored 1n a non-volatile
memory such as a one-time programmable memory area of
the non-volatile memory arrangement and are loaded there-

from upon power up of the non-volatile memory arrange-
ment.

Referring now back to FIG. 3, at 306, the magnitude of the
word line voltage that can be used for reading the memory
cells connected to a particular word line 1s set to be just
slightly larger than the threshold voltage having largest mag-
nitude 1n the threshold voltage distribution of the memory
cells connected to the respective word line. Thus, the magni-
tude of the word line voltage 1s dependent on the threshold
voltage distribution of the memory cells connected to the
word line, and more particularly, 1s dependent on the memory
cell having the threshold voltage with the largest magnitude.
The magnitude of the word line voltage 1s assigned to a
respective word line voltage identifier, which 1s a digital value
and the assigned digital value 1s stored in a non-volatile
memory as described above together with the address of the
memory cell or the word line number, the digital value and the
corresponding word line voltage the digital value refers to.

At 308 the stored digital value 1s determined (e.g., read
from the respective word line voltage identifier for the
memory cell of interest or word line of interest) representing,
the lowest magnitude analog voltage value that 1s larger than
the magnitude of the word line voltage.

At 310, the determined stored digital value 1s used to obtain
the applied word line voltage for the memory cell that should
be accessed.

At 312, for each word line, the determined stored digital
value 1s converted to an analog word line voltage and the word
line voltage 1s applied to the respective word line.

At 314, the memory cell(s) on the word line being accessed
1s (are) read. Thus the memory cells connected to a particular
word line are read by applying a word line voltage dependent
on the threshold voltage distribution of only the memory cells
connected to this particular word line. Even more specifically,
the word line voltage 1s dependent on the largest threshold
voltage 1n the threshold voltage distribution of only the
memory cells connected to that particular word line. Simi-
larly, the memory cells connected to another word line can be
read by applying a word line voltage dependent only on the
threshold voltage distribution of the memory cells connected
to this other word line.

Optionally at 316, the memory cells connected to a par-
ticular word line are programmed by applying a word line
voltage dependent only on the threshold voltage distribution
of the memory cells connected to this word line.

It should be mentioned that the read access operation and
the write access operation can be carried out independently
from one another or in a combined operation, e.g., first read-
ing the current state, programming a predetermined state,
comparing the measured resistances, thereby determining the
logic value that has been stored 1n the respective memory cell,
and then programming the memory cell state again that has
first been read.

Since the word line voltage that 1s used 1s dependent only
on the largest threshold voltage in the threshold voltage dis-
tribution of the memory cells connected to the word line being,
read, 1n many cases a lower word line voltage can be used
when compared to the conventional case when the same word
line voltage 1s applied to all of the word lines for reading the
memory cells of the memory cell array. By independently
adapting each applied word line voltage, the stress 1s reduced
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when reading the memory cells of the word line and the
reliability of the cells 1s increased.

The magnitude of the word line voltage that can be used for
programming the memory cells connected to a particular
word line can be set independently from the value used for
reading the memory cells. Once the plurality of word line
voltages for reading and the plurality of word line voltages for
programming have been determined, these word line voltages
can be used for accessing the plurality of memory cells of the
memory cell array.

If desired, instead of grouping together only the memory
cells connected to one word line, the memory cells connected
to one word line and the memory cells connected to at least
one other word line could be grouped together, and a thresh-
old voltage distribution including the cells of the two or more
word lines could be obtained. The largest threshold voltage
measured 1n the group of memory cells could then be used to
determine the word line voltage that will be used for the two
or more word lines.

FIG. 5 1s a schematic diagram showing a circuit 500 for
accessing a plurality of memory cells 502. The memory cells
502 are formed in a memory cell field 504, for example a
memory cell array. The memory cell field 504 includes a
plurality of word lines 506 connected to the plurality of
memory cells 502. Non-volatile storage means formed as a
non-volatile storage device, for example, an OTP (one time
programmable register) 508 stores a plurality ot digital values
[(Vr_0-Va_ 1) and (Vp 6-Vp ovey)] representing a plu-
rality of word line voltages. The plurality of digital values
includes a plurality of digital values (V; -V 1)) repre-
senting a plurality of word line voltages for reading the plu-
rality of memory cells 502 and a plurality of digital values
(Ve 0-Vp a1y representing a plurality of word line volt-
ages for programming the plurality of memory cells 502.

In one embodiment of the invention, all components of the
circuit 500 are monolithically integrated on one die.

A digital to analog converter 510 converts the plurality of
digital values [(Vz o-Vz vary) @and (Vp o-Vp (nvi1y)] 10 @
plurality of word line voltages that will be applied to the
plurality of word lines 506. Each one of the plurality of digital
values [(Vz 0-Vzr ve1y) and (Vp o-Vp nypy)| that 1s
selected 1s dependent on the threshold voltage distribution
width of a respective group of a plurality of memory cells 502
as has been previously explained.

A multiplexer circuit 512 (comprising one or a plurality of
multiplexers) 1s supplied with the plurality of digital values
[(Vz 0-Vr vary) @and (Vp -V ,1y)]. The multiplexer cir-
cuit 312 selectively supplies the plurality of digital values
[(Vz 0-Vr vary) @a0d (Vp -V, 14)] to the digital to ana-
log converter 510 so that the digital to analog converter 510
can convert selected ones of the plurality of digital values
[(Vz_0-Vr_va1y) and (Vp o-Vp (nipy)] to the plurality of
word line voltages. In one embodiment of the invention, the
selection by the multiplexer circuit 512 is carried out in accor-
dance to a first select signal 524 ( Address Subset ADD <A:B>
to control word lines) that identifies the respective word line,
a word line voltage should be selected for. In one embodiment
of the invention, the first select signal 524 1s provided to a
select imput of a first multiplexer 526 for selecting a stored
word line read voltage value (Vi -V (1)) as well asto a
select input of a second multiplexer 528 for selecting a stored
word line programming voltage value (Vp -Vp (1)) The
selected word line read voltage value and the selected word
line programming voltage value are provided to a third mul-
tiplexer 530. In one embodiment of the invention, the third
multiplexer 530 1s controlled by a second select signal 532,
thereby providing either the selected word line read voltage
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value or the selected word line programming voltage value to
the input of the digital to analog converter 510.

Word line drivers 514 drive the plurality of word line volt-
ages. A word line voltage regulator 516 regulates the plurality
of word line voltages. The word line voltage regulator 516
may include an operational amplifier, a first input 518 of
which 1s coupled to the output of the digital to analog con-
verter 510 and a second mput 520 of which 1s coupled to the
output 522 of the operational amplifier.

In one embodiment of the mnvention, during a formatting or
testing ol anon-volatile memory cell arrangement, the thresh-
old voltage distribution width 1s measured, after a program
operation (program pulse over a certain time period), with the
gate voltage V ., , of a respective memory cell. The measure-
ment 1s carried out with a read operation and 1s applied to
every word line like the programming operation. After this
measurement, the threshold voltage distribution width 1s
known and can be used to adjust the word line voltage level to
reduce the stress of the memory cell over its lifetime. In other
words, 1n one embodiment of the invention, non-volatile
memory cell stress 1s reduced by adapting the word line
voltage used to operate the memory cell regarding the quality
of the memory cell coming out of production.

In one embodiment of the invention, the read operations
(after having programmed all memory cells) resultin a lowest
threshold voltage V ,, . and a highest threshold voltageV , ., of
the threshold voltage distribution per word line depending on
the memory cells connected to the respective word line. The
threshold voltage distribution width 1s defined to be V, .-
V. -. Depending on the threshold voltage distribution width,
the word line voltage 1s mapped to one out of an arbitrary
number of buckets with defined word line voltages which are
set for programming and read operations independently. The
target 1s to set the word line voltage as low as possible. By
doing this, the reliability of the memory cells can be
improved.

In accordance with an exemplary embodiment of the inven-
tion, the word line voltage i1dentifiers are stored in the non-
volatile storage device 508, for example, an OTP (e.g., one
time programmable register). The word line voltage
identifiers may be stored as a plurality of digital values
[((Vz_0-V&_ovany) and (Vp o-Vp (nipy)] representing a plu-
rality of word line voltages (e.g., in the form of digital trim-
ming values, that 1s the digital values representing the respec-
tive programming voltages to be used). The word line voltage
identifiers and the correspondingly assigned plurality of word
line voltages may be stored 1n a table, e.g., having a structure
as depicted in more detail below.

In one embodiment of the mvention, there 1s provided a
read table for the read word line voltage i1dentifiers and a
programming table for the programming word line voltage
identifiers, although one common table or even more than two
tables may be provided in alternative embodiments of the
ivention.

The read table may have the following structure:

Read word line

Number of word line  voltage 1dentifier Word line voltage value

1 Vz_o 1V
2 Va_i 1.5V
I Vr_ 3V
N+ 1 Va_Nel 1.5V

5

10

15

20

25

30

35

40

45

50

55

60

65

10

A word line index 1 1s used to represent the respective word
line. In this embodiment, e.g., V, , represents the digital read
trimming value for the word line 0,V | represents the digital
read trimming value for the word line 1, etc.

The write table may have the following structure:

Word line program

Number of word line voltage identifier Word line voltage value

1 Vo o 10V
2 Ve | 12.5V
i Y 11.75V
N + 1 Vo el 11V

A word line 1ndex 1 1s used to represent the respective word
line. In this embodiment, e.g., V, , represents the digital

program trimming value for the word line 0, V. | represents

the digital program trimming value for the word line 1, efc.

Referring now to FIG. 6, in accordance with one embodi-
ment of the invention, a method 1s provided for classifying, in
other words grouping, memory cells 1n a memory cell field
having a plurality of memory cells. As shown 1n a flow dia-
gram 600, at 602, a threshold voltage distribution 1s deter-
mined for each selected subset of the memory cells of a
plurality of subsets of the memory cells. Furthermore, at 604,
it 1s determined whether the determined threshold voltage
distributions fulfill a threshold voltage criterion, and at 606,
depending on whether the determined threshold voltage dis-
tributions fulfill the threshold voltage criterion, at least some
or all of the non-selected memory cells are classified. In an
embodiment of the invention, a threshold voltage distribution
includes a collection of measured threshold voltages for one
or a plurality of memory cells 1n a memory cell field, e.g., a
collection of measured threshold voltages for one or a plural-
ity of memory cells coupled to a common line, e.g., coupled
to a common word line or common bit line.

In one embodiment of the invention, the classification may
be seen 1n that one or more subsets of memory cells are
rejected (1n other words classified as erroneous), or the entire
memory device may be rejected (1n other words classified as
erroneous). In this application, the embodiment may be used
for testing the memory device.

Referring now to FIG. 7, in accordance with one embodi-
ment of the mnvention, a method 1s provided for determining a
word line voltage for accessing a memory cell 1n a memory
cell field having a plurality of memory cells. As shown 1n a
flow diagram 700, at 702, a threshold voltage distribution 1s
determined for each selected subset of the memory cells of a
plurality of subsets of the memory cells. Furthermore, at 704,
it 1s determined whether the determined threshold voltage
distributions fulfill a threshold voltage criterion, and at 706,
depending on whether the determined threshold voltage dis-
tributions fulfill the threshold voltage criterion, the word line
voltage 1s determined using the determined threshold voltage
distributions.

In one embodiment of the invention, the determined word
line voltage 1s stored, e.g., 1n the non-volatile memory device
508, for example, an OTP, as one of a plurality of word line
voltages which are assigned to respective word lines for
accessing them during a read or programming operation. In
this application, the embodiment may be used for determin-
ing word line voltages for later use during the operation of the
memory device.
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Referring now to FIG. 8, 1n accordance with one embodi-
ment of the mvention, a memory cell arrangement 800 1s
provided. The memory cell arrangement 800 1ncludes a first
memory cell region 802, a second memory cell region 824
and a controller 822, ¢.g., implemented 1n hard wired logic or
by means of a programmable controller such as, e.g., a micro-
controller. The first memory cell region 802 includes a plu-
rality of subsets of memory cells, e.g., a plurality of memory

cell sectors 804, 806, 808, 810, 812, 814, 816, 818, 820. The
memory cell sectors 804, 806, 808, 810, 812, 814, 816, 818,
820 may be, e.g., so-called erase sectors of the first memory
cell region 802, 1n other words regions, which respectively
include memory cells, which are simultaneously pro-
grammed to a reference programming state. The controller
822 1s configured to control the access to the memory cells of
the first memory cell region 802, e.g., to control read opera-
tions, programming (write) operations or verily operations.
To do this, 1n one embodiment of the invention, the controller
822 uses data that 1s stored in the second memory cell region
824 that includes, e.g., information about which voltages
should be used for which memory cell of the first memory cell
region 802 in order to access it, e.g., read it or program 1it.

In one embodiment of the invention, the controller 822
includes or implements a first determination circuit determin-
ing, for each selected subset of the memory cells of a plurality
of subsets of the memory cells, a threshold voltage distribu-
tion, a second determination circuit determining, whether the
determined threshold voltage distributions fulfill a threshold
voltage criterion, and/or a classification circuit classifying,
depending on whether the determined threshold voltage dis-
tributions fulfill the threshold voltage criterion, at least some
of the non-selected memory cells. In this case, the memory
cell arrangement 800 may act as or be part of a testing device
that 1s testing the memory cells of the first memory cell region
802. In this example, the first memory cell region 802, the
second memory cell region 824 and the controller 822 may be
integrated on one carrier (e.g., on one substrate, e.g., on one
common chip) or may be implemented on individual carriers.

In another embodiment of the invention, the controller 822
includes or implements a word line voltage determination
circuit determining a word line voltage for accessing a
memory cell in a memory cell field comprising a plurality of
memory cells. In this case, the controller 822 may include or
implement a first determination circuit determining, for each
selected subset of the memory cells of a plurality of subsets of
the memory cells, a threshold voltage distribution, a second
determination circuit determining, whether the determined
threshold voltage distributions fulfill a threshold voltage cri-
terion, and a third determination circuit determining, depend-
ing on whether the determined threshold voltage distributions
tulfill the threshold voltage criterion, the word line voltage
using the determined threshold voltage distributions. In this
example, the first memory cell region 802, the second
memory cell region 824 and the controller 822 may be inte-
grated on one carrier (€.g., on one substrate, €.g., on one
common chip) or may be implemented on individual carriers.

In a conventional wafersort, no adaptation to so called
“process of record” changes (POR changes) 1s possible, since
a 1ixed read margin 1s conventionally used. For example,
when applying single-pulse operations to charge trapping
memory cells 1n the watersort, however, the actual read mar-
gin variation that might occur 1s not predictable with a high
precision. The usage of a fixed read margin would on the one
hand decrease the test coverage and on the other hand
decrease the vyield. Therefore, in accordance with one
embodiment of the mvention, a read strategy 1s provided
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which 1s adjusted to the optimum read margin while main-
taining a low test time being required.

Referring now to FIG. 9, a flow diagram 900 1llustrates a
method for testing a memory device 1n accordance with one
embodiment of the invention. It should be mentioned that the
method may be implemented, carried out or controlled by
means ol an integrated circuit external tester or by means of
an mtegrated circuit internal logic (e.g., hard wired logic or
programmable logic such as a microprocessor), €.g., as a
BIST (Built-in-Self-Test).

At 902, a plurality of subsets of memory cells are selected.
In other words, a subportion of small areas of a memory cell
region 1s selected for a learn phase. In one embodiment of the
invention, a subset corresponds to a respective erase sector of
the first memory cell region 802. In one embodiment of the
invention, the first memory cell region 802 includes eight
erase sectors on one common chip, each erase sector includ-
ing a plurality of memory cells, €.g., more than one hundred
memory cells, e.g., more than one thousand memory cells. In
one embodiment of the invention, at least three erase sectors
(1n FIG. 8 marked as hatched memory cell sectors 804, 812,
820) are selected to be tested 1n the following process. In
accordance with one exemplary embodiment of the invention,
the memory cell sectors are selected such that they result in a
selected diagonal arrangement over the chip or die (as indi-
cated 1n FIG. 8). This provides good coverage and little sen-
sitivity to local defects and global defects like global bit line
shorts or word line shorts.

In accordance with one embodiment of the invention, an
adaptive read margin 1s provided which 1s calibrated on a
subportion of the entire memory cell field, e.g., on a subpor-
tion of the entire memory cell array.

Then, at 904, a threshold voltage measurement 1s carried
out on the memory cells of the plurality of subsets of memory
cells that have been selected at 902. The result of this mea-
surement 1s a plurality of threshold voltage values, each rep-
resenting the threshold voltage of a respective memory cell
transistor.

At 906, a threshold voltage distribution 1s determined for
cach subset of memory cells of the plurality of the selected
subsets of memory cells. A threshold voltage distribution can
be understood as the collection of the determined threshold
voltages of a respective subset of memory cells, e.g., the
collection of the determined threshold voltages of a respec-
tive erase sector. One result of the determination of the thresh-
old voltage distributions 1s that for each threshold voltage
distribution, a threshold voltage distribution width V , .-V, ~
1s determined as described above including a minimum
threshold voltage V , , of the memory cells of the respective
threshold voltage distribution and a maximum threshold volt-
age V-, of the memory cells of the respective threshold
voltage distribution.

At 908, at least one edge of interest 1s determined 1n the
selected subsets of memory cells using the determined thresh-
old voltage distributions. In accordance with one embodi-
ment of the invention, as an option and for achieving an
improved accuracy of the process, the at least one edge of
interest 1s dertved from an interpolation line of a certain
number of memory cells having a predetermined threshold
voltage. The at least one edge of interest may be represented
by an interpolated V , , ., value. In one embodiment of the
ivention, one V, ; -, value 1s determined for each subset of
memory cells of the plurality of the selected subsets of
memory cells. In one embodiment of the invention, the 'V, ; -,
values may be the maximum threshold voltages V , ., of the
determined threshold voltage distributions or the minimum
threshold voltages V ,, ; of the determined threshold voltage
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distributions. In an alternative embodiment of the invention,
the V , , ., values of the determined threshold voltage distri-
butions that may be used to determine the interpolated V,, ; -,
value may be any threshold voltage value which 1s measured
in the determined threshold voltage distributions. In one
embodiment of the invention, the V , . ., values of the deter-
mined threshold voltage distributions that may be used to
determine the interpolatedV , , ., value may be threshold volt-

ages that lie 1n the middle region of the determined threshold
voltage distributions, since 1n these region, the determined
threshold voltage distributions show the largest steepness,
which provides improved statistical characteristics 1in the
determination of the iterpolatedV , , ., value.

Then, at 910, the determined at least one edge of interest 1s
checked for a violation, 1n other words, 1t 1s determined
whether the at least one edge of interest fulfills a predefined
criterion. The predefined criterion may be a predefined 'V, ; -,
value tolerance range, which the determined interpolated
V. - - value should match. In one particular embodiment of
the invention, 1t 1s determined, whether the V , ; ., values for
all three selected memory cell sectors 804, 812, 820 lie within
the one ormore V , , ., value tolerance ranges (e.g.,inaV,, ;
value tolerance range of 100 mV around a predefined target
V.. r 7 value).

In case 1t has been determined that the at least one edge of
interest fulfills the predefined criterion for the at least one
edge of interest (“Yes” in 910), the respectively checked
selected memory cell sector 804, 812, 820 1s rejected, at 912,
(in other words, classified as defect considered to represent
threshold voltage distributions in a good area and will not be
classified as defect according to the processes described
above) and 1t 1s determined 1n 914, whether a new subset of
memory cells should be selected or whether 1t 1s allowed to
reduce the number of selected subsets of memory cells. In
case 1t 1s nerther allowed to select a new subset of memory
cells nor to reduce the number of selected subsets of memory
cells (*No” 1n 914), the entire tested memory device, e.g., the
first memory cell region 802, i1s rejected (1in other words
classified as defect) 1n916. In case 1t 1s e1ther allowed to select
a new subset of memory cells or to reduce the number of
selected subsets of memory cells (“Yes” 11 914), a new subset
of memory cell 1s selected from the memory cell field, e.g.,
from the first memory cell region 802, in other words, the
process continues 1n 902. In an alternative embodiment of the
invention, the number of selected subsets 1s reduced.

In caseno violation has been determined for the at least one
edge of interest (“No” 11 910), in 918, a reference threshold 1s
determined, e.g., a reference read voltage margin threshold.
In one embodiment of the ivention, this can be done by
carrying out any statistical analysis on the determined thresh-
old voltage distributions that have been “accepted” 1n 910. In
an embodiment of the invention, a statistical analysis involves
the application of probability theory to quantified descriptive
data. In an embodiment of the invention, a statistical analysis
involves the modeling of randomness and uncertainty by
probability theory. In one embodiment of the invention, the
statistical analysis may include selecting the median thresh-
old voltage or a statistical average threshold voltage of the
determined threshold voltage distributions. In one embodi-
ment of the mnvention, it 1s assumed that the V , , ,, values of
the three selected memory cell sectors 804, 812, 820 do not
show any violation and the reference threshold 1s determined
as being the median value of the three V, ; ., values of the
three selected memory cell sectors 804, 812, 820. However, in
alternative embodiments of the invention, any other statistical
analysis method may be used.
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At 920, 1t 1s determined whether the reference threshold 1s
within a predefined reference tolerance range. In one embodi-
ment of the mvention, the predefined reference tolerance 1s in
the range of about3.2 V to about 4.0V. It should be mentioned
that the predefined reference tolerance range 1s strongly
dependent, e.g., on the process technology, architecture and
the type of memory cells used and that the above mentioned
numbers are given for i1llustrating purposes only.

I1 the reference threshold 1s not within the predefined ret-
erence tolerance range (“No” 1 920), the enftire tested
memory device, e.g., the first memory cell region 802, 1s
rejected (in other words classified as defect) in 916. It the
reference threshold 1s within the predefined reference toler-
ance range (“Yes” 1 920), 1n 924, a read voltage or a read
voltage margin 1s determined dependent on the reference
threshold determined 1n 918. In one embodiment of the inven-
tion, the read voltage or the read voltage margin 1s determined
as a sum of the reference threshold and a predefined read
security margin. In one embodiment of the mvention, the
predefined read security margin 1s in a range of about 200 mV
to about 400 mV, e.g., of about 2350 mV to about350mV, e.g.,
300 mV. In other embodiments of the invention, other values
for the predefined read security margin may be provided, 1f
desired. In one embodiment of the invention, the read voltage
1s determined according to the following equation:

read voltage=median value of the three V,; values+
predefined read security margin.

In another embodiment of the invention it may be provided
that the reference threshold 1s not directly checked against the
predefined reference tolerance range, but that the read voltage
or the read voltage margin 1s first calculated as described
above and that the calculated read voltage or the read voltage
margin 1s then checked against a predefined read voltage
reference tolerance range, which may then of course include
another value than the predefined reference tolerance range
mentioned above.

In case that the read voltage or the read voltage margin 1s in
an acceptable tolerance range, i 926, the determined read
voltage or the read voltage margin 1s stored 1n a memory, e.g.,
in a non-volatile memory, €.g., 1n the non-volatile memory
824 or 1n the non-volatile storage device 508. Then, 1n 928, 1n
one embodiment of the invention, whenever a memory cell of
the entire memory cell field 802 1s read, the determined read
voltage or the read voltage margin 1s used for accessing the
respective memory cell (the memory cells of the selected
sectors as well as the memory cells of the non-selected sec-
tors). The memory 824 does not need to be a non-volatile
memory. In an alternative embodiment of the invention, the V,
information may also be temporarily stored by the tester by
means of an integrated circuit internal volatile memory such
as, €.g2., by means of an integrated circuit internal static ran-
dom access memory (SRAM).

In one embodiment of the invention, this process 1s used 1n
a margin read of a checkerboard distribution test. In this
context 1t should be noted that in order to save test time, the
checkerboard margin read can be done with two reference
memory cells in parallel, i available and technically possible,
¢.g., for multi level devices.

An effect of an embodiment of the invention, according to
which 1t 1s used for testing a memory die or individual
memory cell fields of a memory die (e.g., in a checkerboard
waler test) 1s the low test time mmpact due to the above-
described learn phase on only a portion of the entire memory
die or memory cell fields. Furthermore, a high testing accu-
racy can be achieved due to the interpolation line and median
value calculation 1n accordance with one embodiment of the
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invention. Furthermore, one embodiment of the invention
provides a process which 1s adaptive to “process of record”
changes (POR changes) as well as to lot and waler variations.

FI1G. 10 shows a diagram 1000 illustrating an adaptive read
margin in accordance with one embodiment of the mnvention.
A first axis 1002 of the diagram 1000 shows the threshold
voltages of the memory cells that has been measured and a
second axis 1004 shows the number of memory cells of a
respective memory cell sector that have the respective thresh-
old voltage. Furthermore, FIG. 10 shows a plurality of thresh-
old voltage distributions 1006, 1008, 1010, 1012, 1014. As
shown 1n FIG. 10, the threshold voltage distributions 1006,

1008, 1010, 1012 are considered to represent threshold volt-

age distributions 1n a good area and will not be classified as
defect according to the processes described above and the
threshold voltage distribution 1014 1s considered to represent
a threshold voltage distribution 1n a defect area and will notbe
classified as defect according to the processes described
above. In one embodiment of the invention, the selected sub-

sets mnclude the threshold voltage distributions 1006, 1008,
1010 and thereby represent a learn area 1016 within the
memory cell field 802, for example.

Furthermore, 1n accordance with one embodiment of the
invention, the interpolated V , , ., value 1s determined as the
median value of the threshold voltage values (V , ; -, values)
that a predetermined number of cells in the selected subsets of
memory cells show (e.g., 1000 cells, although any other num-
ber may be used 1n an alternative embodiment of the mven-
tion). In an alternative embodiment of the mnvention, also the
maximum threshold voltages V , ., of the determined thresh-
old voltage distributions or the minimum threshold voltages
V . - ol the determined threshold voltage distributions may be
used for determining the interpolated V , , ., value.

Furthermore, an example of the read voltage margin 1018
1s shown 1 FIG. 10 as well as an example of a 'V, , ,, value
tolerance range 1020. It should be noted that any other volt-
ages may be selected 1n accordance with an alternative
embodiment of the invention.

It should be appreciated by those skilled 1n the art, that the
described processes may be implemented 1n hardware, sofit-
ware, lirmware or a combination of these implementations as
appropriate. For example, the operation of selecting a
memory cell may be carried out by word and bit-line decoders
under the control of an I/O interface circuit such as a com-
puter. Accordingly, the described operations may be imple-
mented as executable mstructions stored on a computer read-
able medium (removable disk, volatile or non-volatile
memory, embedded processors, etc.), the stored instruction
code operable to program a computer or other such program-
mable device to carry out the intended functions.

As shown in FIGS. 11A and 11B, 1n some embodiments,
memory devices such as those described herein may be used
in modules. In FIG. 11A, a memory module 1100 1s shown,
on which one or more memory devices 1104 are arranged on
a substrate 1102. The memory device 1104 may include
numerous memory cells, each of which uses a memory ele-
ment in accordance with an embodiment of the invention. The
memory module 1100 may also include one or more elec-
tronic devices 1106, which may include one or more memo-
ries, one or more processing circuitries, one or more control
circuitries, one or more addressing circuitries, one or more
bus interconnection circuitries, or one or more other circuit-
ries or electronic devices that may be combined on a module
with a memory device, such as the memory device 1104.
Additionally, the memory module 1100 includes multiple
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clectrical connections 1108, which may be used to connect
the memory module 1100 to other electronic components,
including other modules.

As shown 1n FIG. 11B, 1n some embodiments, these mod-
ules may be stackable, to form a stack 1150. For example, a
stackable memory module 1152 may contain one or more
memory devices 1156, arranged on a stackable substrate
1154. The memory device 1156 contains memory cells that
employ memory elements 1n accordance with an embodiment
of the mvention. The stackable memory module 1152 may
also 1include one or more electronic devices 1158, which may
include one or more memories, one or more processing cir-
cuitries, one or more control circuitries, one or more address-
Ing circuitries, one or more bus mterconnection circuitries, or
one or more other circuitries or electronic devices that may be
combined on a module with a memory device, such as the
memory device 1156. Flectrical connections 1160 are used to
connect the stackable memory module 1152 with other mod-
ules 1n the stack 1150, or with other electronic devices. Other
modules 1n the stack 1150 may include additional stackable
memory modules, similar to the stackable memory module
1152 described above, or other types of stackable modules,
such as stackable processing modules, control modules, com-
munication modules, or other modules containing electronic
components.

The foregoing description has been presented for purposes
of 1llustration and description. It 1s not intended to be exhaus-
tive or to limit the imnvention to the precise form disclosed, and
obviously many modifications and variations are possible 1n
light of the disclosed teaching. The described embodiments
were chosen 1n order to best explain the principles of the
invention and 1ts practical application to thereby enable oth-
ers skilled in the art to best utilize the invention 1n various
embodiments and with various modifications as are suited to
the particular use contemplated. It 1s intended that the scope
of the mvention be defined solely by the claims appended
hereto.

What 1s claimed 1s:

1. A method of accessing an integrated circuit having a
plurality of memory cells, the method comprising:

for each one of a plurality of word lines, accessing a plu-
rality of memory cells connected to that word line by
applying a word line voltage dependent on a threshold
voltage distribution of the plurality of memory cells
connected to that word line,

reading one of a plurality of stored digital values, each one
of the plurality of digital values representing a word line
voltage value; and

digital to analog converting a selected one of the plurality
of digital values to obtain the word line voltage applied
to the one of the plurality of word lines,

wherein the plurality of memory cells comprises a plurality
of non-volatile memory cells.

2. A method of determining a set of word line voltage

identifiers 1n an integrated circuit, the method comprising:

determining threshold voltages from a plurality of memory
cells of a memory cell field;

assigning a plurality of word line voltage 1dentifiers to the
determined threshold voltages, each word line voltage
identifier representing a word line voltage to be used
when accessing a memory cell of the plurality of
memory cells and each word line voltage identifier being
assigned to at least one of the memory cells in the
memory cell field; and

storing the plurality of word line voltage identifiers as a set
of word line voltage 1dentifiers.
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3. The method according to claim 2, wherein storing the
plurality of word line voltage 1identifiers comprises storing the
plurality of word line voltage identifiers 1n a non-volatile
memory.

4. The method according to claim 3, wherein storing the
plurality of word line voltage identifiers 1n a non-volatile
memory comprises storing the plurality of word line voltage
identifiers 1n a read only memory.

5. The method according to claim 4, wherein storing the
plurality of word line voltage identifiers in a read only
memory comprises storing the plurality of word line voltage
identifiers 1n a one-time programmable memory.

6. A method for classitying memory cells in an integrated
circuit, the integrated circuit having a memory cell field com-
prising a plurality of memory cells, the method comprising:

determining, for each subset of the memory cells of a
plurality of subsets of the memory cells, a threshold
voltage distribution;

determining whether the determined threshold voltage dis-
tributions fulfill a threshold voltage criterion; and

depending on whether the determined threshold voltage
distributions fulfill the threshold voltage criterion, clas-
sifying at least some of the non-selected memory cells.

7. A method for accessing a memory cell in an integrated
circuit, the integrated circuit having a memory cell field com-
prising a plurality of memory cells which memory cells are
classified 1n accordance with the method as claimed 1n claim
6, the method for accessing a memory cell comprising:

selecting a word line voltage 1dentifier from a pre-stored set
of word line voltage 1dentifiers, each word line voltage
identifier of the pre-stored set of word line voltage 1den-
tifiers being assigned to at least one of the memory cells
in the memory cell field; and

accessing the memory cell using a word line voltage being
dependent on the selected word line voltage 1dentifier.

8. The method according to claim 7, wherein each word
line voltage 1dentifier of the pre-stored set of word line volt-
age 1dentifiers 1s dependent on predetermined threshold volt-
ages of at least one of the memory cells.

9. The method according to claim 7, wherein each word
line voltage 1dentifier of the pre-stored set of word line volt-
age 1dentifiers 1s dependent on a distribution of predeter-
mined threshold voltages of a plurality of the memory cells.

10. The method according to claim 7, wherein the plurality
of memory cells comprise a plurality of non-volatile memory
cells.

11. The method according to claim 10, wherein the plural-
ity of memory cells comprise a plurality of non-volatile flash
memory cells.

12. The method according to claim 7, wherein each one of
the word line voltage 1dentifiers comprises a digital value that
represents an analog voltage value, the method turther com-

prising:
obtaining the used word line voltage by digital to analog
converting the plurality of digital values.

13. The method according to claim 7, wherein accessing
the memory cell comprises reading the memory cell using the
word line voltage being dependent on the selected word line
voltage 1dentifier.

14. The method according to claim 7, wherein accessing
the memory cell comprises writing the memory cell using the
word line voltage that 1s dependent on the selected word line
voltage identifier.
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15. The method according to claim 6, wherein the plurality
of memory cells comprise a plurality of non-volatile memory
cells.
16. The method according to claim 6, wherein the plurality
of memory cells comprise a plurality of non-volatile flash
memory cells.
17. The method according to claim 6, further comprising
determining a reference threshold voltage using the deter-
mined threshold voltage distributions, the threshold voltage
criterion being dependent on the reference threshold voltage.
18. The method according to claim 17, wherein the deter-
mining the reference threshold voltage comprises using a
statistical analysis of the determined threshold voltage distri-
butions.
19. The method according to claim 18, wherein the statis-
tical analysis comprises selecting a median threshold voltage
or a statistical average threshold voltage of the determined
threshold voltage distributions.
20. The method according to claim 17, further comprising:
determining whether the reference threshold voltage ful-
f1lls a reference threshold voltage criterion; and

depending on whether the reference threshold voltage tul-
f1lls the reference threshold voltage criterion, classitying
at least some of the non-selected memory cells.

21. The method according to claim 6, wherein classiiying
at least some of the non-selected memory cells comprises
classitying all memory cells of the memory cell field.

22. A method for determining a word line voltage for
accessing a memory cell 1n an integrated circuit, the inte-
grated circuit having a memory cell field comprising a plu-
rality of memory cells, the method comprising;

determining, for each subset of the memory cells of a

plurality of subsets of the memory cells, a threshold
voltage distribution;
determining whether the determined threshold voltage dis-
tributions fulfill a threshold voltage criterion; and

depending on whether the determined threshold voltage
distributions fulfill the threshold voltage criterion, deter-
mining the word line voltage using the determined
threshold voltage distributions.
23. The method according to claim 22, further comprising,
determining a reference threshold voltage using the deter-
mined threshold voltage distributions, the threshold voltage
criterion being dependent on the reference threshold voltage.
24. The method according to claim 23, wherein determin-
ing the reference threshold voltage comprises using a statis-
tical analysis of the determined threshold voltage distribu-
tions.
25. The method according to claim 24, wherein the statis-
tical analysis comprises selecting a median threshold voltage
or a statistical average threshold voltage of the determined
threshold voltage distributions.
26. The method according to claim 23, further comprising:
determiming whether the reference threshold voltage tul-
f1lls a reference threshold voltage criterion; and

depending on whether the reference threshold voltage tul-
f1lls the reference threshold voltage criterion, determin-
ing the word line voltage using the reference threshold
voltage.

277. The method according to claim 26, wherein determin-
ing the word line voltage using the reference threshold volt-
age comprises determining the word line voltage using the
reference threshold voltage plus a predetermined security
margin value.
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